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ABSTRACT 


The total energy cost of producing goods and services may be 
obtained from the manipulation of input-output statistics. To 
arrive at the total energy cost, two requirements must be met: 

1) the total energy input to the economy must be specified (in- 
cluding the fossil fuel, mineral, and solar energy inputs), and 

2) the system boundaries must be drawn so that only energy or em- 
bodied energy enters the system as an input. This paper presents 
some modifications to the current input-output accounting conventions, 
which attempt to fulfill the latter requirement, and some estimates 
of the solar energy inputs to the economy in an attempt to make the 
former requirements more complete. The calculations are performed 
on a 90 and 92 sector model of the U.S. economy for 1967 and results 
include the total fossil and solar energy intensities (in Btu/$ 
output) both separately and combined as the total solar equivalents 


necessary to produce a dollar's worth of output in 1967. 
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INTRODUCTION 


All flows and storages of free energy on the earth can be 
thought of as embodied past and present sunlight, since sunlight 
is the only significant current source (ignoring tides, nuclear 
energy and residual heat) of free energy for the earth. Thus the 
Sunlight of past eons is "embodied" in the current storages of 
fossil fuel, raw materials, soil, etc. which are employed by 
industrial society. It is convenient to divide the continuum 
of energy sources into the renewable sources of free energy (embodied 
present sunlight) and the nonrenewable storages (embodied past 
sunlight) on the basis of their relative rates of production and 
consumption. Renewable free energy sources are those whose rate 
of production roughly equals their rate of consumption. Obvious 
examples are sunlight itself, rain, wind and the shorter time scale 
products of the interaction of these inputs, such as forestry, 
fishery, and agricultural products. Nonrenewable sources of free 
energy (embodied past sunlight) are those whose rate of consumption 
far exceeds their rate of production. Nonrenewable sources are 
mined substances, such as the fossil fuels, uranium, soil storages, 
and mineral deposits, which are the results of slow geologic pro- 
duction cycles over long time periods. 

The input-output (I-0) approach to calculating embodied free 


energy as practiced by the Energy Research Group of the Center for 
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Advanced Computation (CAC) at the University of Illinois (Herendeen 
and Bullard 1974) has thus far included only the fossil fuel, hydro- 
electric, and uranium sources of free eneray to the U.S. economy. 
This paper presents the results of a first attempt to include the 
renewable sources of free energy to the U.S. economy as well as the 
theoretical justification and results of other modifications in the 
model dealing with the treatment of labor and government services. 
The intended result is quantification of the total embodied solar 
energy per unit of output of goods and services in the economy as 
well as the composition of the input by intermediate type of embodied 
free energy (i.e., coal, oil, gas, current sunlight, etc.). 

Labor services and government services can be thought of as 
having energy embodied in them in the same sense that a car or any 
other product of the economy has energy embodied in it. They all re- 
quire energy, both directly and indirectly, in order to be produced. 
The current conventions in I-0, which were adopted by the CAC group, 
treat households and government as part of the final demand sector. 
This implies that household and government services, which reenter 
the economic accounts as part of value added, have no energy 
embodied in them. This is obviously not the case. There are two 
alternatives: (1) Maintain the current conventions and calculate 
independently the energy embodied in labor and government services. 
Then add this as an energy input to the economy embodied in the 
household and government components of value added, or (2) Make 
households and government endogenous sectors by modifying the I-0 
conventions and calculate their energy intensities simultaneously 


with the energy intensities of all the other sectors in the economy. 
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The second alternative was chosen since it does not require 
the independent calculation of the energy intensity of labor and 
government services. Accounting conventions are like brick walls, 
however. They are formidable enough to discourage attack and 
impossible to break down without making a mess. It is hoped that 
the added conceptual cleanliness will outweigh the inevitable 


statistical debris. 
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METHODS 


Input-Output Techniques for Calculating Embodied Energy 


The application of input-output techniques to the study of 
direct plus indirect energy costing has been well developed and 
documented by the Energy Research Group at the CAC, University of 
Illinois (see References). The technique consists of setting up 
a set of energy balance equations (one for each sector) and solving 
the resulting set of simultaneous linear equations for the energy 
intensity coefficients vector e. 

Figure 1 shows the basic “energy balance" for a sector. 

Xij is the transaction from sector i to sector j. 

Xj is the total output of sector j. 

2. is the embodied energy intensity per unit of Xj: 


E, is the external direct energy input to sector j. 


Thus the energy balance for the rho component is 


In matrix notation for all components 
E = e(X - x) 
mere E 1S a vector of direct external energy inputs, x is a 
diagonalized vector of output flows, X is a matrix of input flows 


and « is the vector of total (direct plus indirect) energy embodied 


in a unit of outflow. 
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Figure 1. Single Sector Energy Balance. 
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We can solve for « as 
_ ; -] 
a E(x = 


A simple example will clarify the procedure. Consider a three-sector 
economy consisting of an energy sector, an agricultural and manufac- 
turing sector, and a household sector with an input-output table as 


Shown below. 


Agriculture 
and Net Total 
Energy Manufacturing Households Exports Output 


Energy (Btu) 1 2 0 0 3 (Btu) 
Agriculture and 

manufacturing ($) 1 ] 2 1 sey 
Households ($) 1 2 2 0 5 ($) 
External energy (Btu) 3 1 0 


The output of a sector to other sectors is read as a row. For 
example, the energy sector exports | Btu to itself, 2 Btu to agriculture 
and manufacturing, 0 Btu to households, O Btu to net exports for a 
total output of 3 Btu. The inputs to a sector are read down its column. 
For example, households receive O Btu from energy, 2 $ from agriculture 
and manufacturing and 2 $ from households. 

For this example, if we include households as an endogenous 
SeCLON: 
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If households were considered to be exogenous, however, we would 


have: j 
. B Btu: 
eS 
0 5 

E.eo (3 Btu 

ts 
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e = E (X - X) 
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which is substantially different from the result with households 


endogenous. 
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The lower energy intensities which result from an exogenous 
household sector are due to the fact that the household services 
contain embodied energy which we ignore using this approach. As 
mentioned earlier, an alternative to having an endogenous household 
sector is the independent calculation of the household services 
energy intensity, and the use of this coefficient to include the 
energy embodied in household services as an input. 

In our example economy, the energy intensity of household 
services was calculated as 2 2/3 Btu/$ using the endogenous house- 
hold approach. This number can be used to include the energy 
embodied in household services in the energy vector (the E vector), 


while leaving households exogenous. The new E vector is: 


Eee Pout + (31 x92 °2/3;Btu/$) 5.1 Btu 4( 32% 2 2/3 Btu/$) | 
Boe bo / a, Btu, 6.1/3 Btu | 

te ea ae de 

eee ae (5 2/2, 6.0/3) 


1/61/35 


which is equivalent to the result using an endogenous household 
sector. This approach requires that we already know the energy 


intensity of household services, however. 
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Renewable Energy Inputs to the U.S. Economy 


Figure 2 is an energy flow diagram, that is intended to show 
conceptually how the free energy in renewable and nonrenewable 
sources is distributed through an aggregated 13-sector economy. The 
environment sector represents all air, land, and water which has no 
direct economic value. This would include the atmosphere and oceans, 
wetlands, and wastelands--in general, all areas not in forestry, 
agricultural, industrial, commercial, or residential use. These 
areas capture renewable energy and produce environmental services 
which are highly diverse and difficult to measure. Services such 
as air and water-quality control, and urban and agricultural waste 
utilization are provided. These services are also carried out, in 
part, by the forestry and agricultural areas, which utilize large 
quantities of direct renewable energy. 

The quantification of the distribution of environmental services 
throughout the economy is currently being studied by various groups, 
including the Energy Analysis Group led by H. T. Odum at the University 
of Florida. These studies are not complete enough to include in the 
present framework, however, and some simplifying assumptions were 
made for the current application, with the intention of including 
more detailed data as they become available. 

Basically, the environment sector was partitioned between the 
other sectors in the economy according to land and water area. Table 
1 shows the land and water use distribution for the U.S. and estimates 
the total solar absorption (including atmospheric) for the various uses. 


The agriculture sector was credited with the solar absorption over 


all agricultural land plus 34% of the absorption over the wetlands, 
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of an Aggregated 13-sector Economy (from Odum and Alexander ed. 1977 
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desert, and tundra category, as agriculture represents 34% of the 


remaining land and water use. This amounted to 35.74 x 10!8 Btu 


sOlar/yr. The forestry and fisheries sector was credited with the 
absorption over all forested areas plus estuaries and coastal 
water to the 200 mile limit plus 60% of the wetlands, desert, and 


18 


tundra absorption. This amounted to 63.06 x 10° Btu/solar yr. 


Ls Btu solar/yr represents direct utilization 


The remaining 4.20 x 10 
by the remaining industrial, commercial, residential, and govern- 
mental sectors of the economy. This should be distributed to the 
remaining sectors according to their total land areas. Accurate 
land use data are not available at this level of disaggregation, 


18 Btu solar/yr 


however . AS an approximation, the entire 4.20 x 10 
was credited to the household category since this category represents 


about 75°. of the remaining land area. 
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Government and Households as Endogenous Sectors 


It is my intention to treat the household and government 
sectors and all the other sectors in the economy alike, so that the 
energy embodied in their services may be included in the calculation 
of total embodied energy for the U.S. economy. The household 
sector's inputs from the other sectors are measured as personal 
consumption expenditures (PCE), which are the dollar payments of 
individuals for goods and services. The exception is the input 
to households of government services that are paid for with federal 
income taxes, along with state and local government taxes on house- 
holds. The outputs of the household sector to the other sectors 
are labor services that are measured by the employee compensation 
of workers. Complications arise since the input-output accounts 
break value added (or VA, defined as the payments to the factors 
of production) into only three categories: (1) employee compensation, 
(2) indirect business taxes and (3) property type income. Table 2 
Shows the relationship of these categories to the national income 
and product accounts categories. The implied wages of self-employed 
people or unpaid family workers are not directly included in the 
employee compensation category, but show up as a portion of 
proprieter's income which is embedded in the property-type income 
category of value added. 

Similarly, corporate profits taxes, which are also embedded in 
property type income, should be added to indirect business taxes 
to determine the total taxes paid by business to government. Table 
3 shows the breakdown of property type income for the economy as a 


whole in 1967 and those portions attributable to households and 
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Table 2. Relationship of Input-Output Value Added Components to the 
National Income and Product (NIP) Accounts Categories. 


I-0 Value Added Component NIP Accounts 

Employee compensation Employee compensation 

Indirect business taxes Indirect business taxes and nontax liability 
Property-type income Proprietors income 


Rental income of persons 


Corporate profits (before taxes) and 
inventory valuation adjustment 


Net interest 
Business transfer payments 


Surplus of government enterprises less 
subsidies 


Capital consumption allowances 
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Table 3. 1967 Property Type Income Breakdown by National Income 


Categories. 
Billions of 
1967 $ 
Total property-type income (Neha Ways 
Proprietors income O71 
Business and professional 47.3 
farm 14.8 
Rental income of persons (ALR 
Corporate profits and 
inventory valuation 
adjustment 78.7 
Profits before tax 79.8 
Profits tax liability ci ys 
Profits after tax 46.6 
Dividends 21.4 
Undistributed profits Cou 
Inventory valuation adjustment -1.1 
Net interest 24.1 


Capital consumption allowances 28.9 


Source: Statistical Abstract of the U.S. 
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government. Proprietor's income must be split between the return 
for the proprietor's labor services and the return for his capital 
(i.e., his store or farm capital). A rough figure of 75% return 
to labor was used based on labor's share of the total return in 
the U.S. economy. The data in Table 3 are summarized in Table 4, 
which shows estimates of the sector destinations of the aggregate 
property-type income for the U.S. economy in 1967. Households 
received 18.3% of the total as their share of proprietor's income, 
while government received 13.0% as corporate profits taxes. 

The I-O accounting framework requires that the sum of the 
total dollar value of the outputs from a sector equal the sum of the 
dollar value of the inputs. This requirement was used to set up 
accounting identities for the new household and government sectors 
that could be solved for the percentages of property type income, 
which should be credited to each sector in order to balance the 
accounts. 

For the government sector we can write: 

TB areKP TU PT GP) + GS. 
Here for 1967 (in millions of $) 


IBT = Indirect business taxes = 70239 


PTI = Property type income = 254060 
PT = Personal taxes = 83000 
GP = Government purchases = 97465 
GS = Government salaries = 81654 


So the fraction of PTI to government necessary to balance the sector's 


accounts iS: 


_ GP_+ GS - IBT - PT _ 97465 + 81654 - /0239 - 83000 


X PTI 254060 
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Table 4. 1967 Sector Destination Breakdown of Property Type Income. 


Billions of 1967 $ Percent of Total 


Total property-type income Conve 100.0 
Households 46.6 els) 
Government B32 ent 
Payments to resources and land 106.5 nt ey 
Capital consumption allowances 68.9 iM 
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For the household sector we can write: 
EC + X(PTI) + GS = PCE + PT 


where for 1967 (in millions of $) 


EC = Employee compensation = 389436 
PTI = Property type income = 254060 
GS = Government salaries = 81654 


PCE = Personal consumption expenditures = 490660 


PT = Personal taxes 83000 
So, the percentage of PTI to households necessary to balance the 


Sector seaccount. 1S: 


y - PCE + PT - EC - GS _ 490660 + 83000 - 389436 - 81654 
PTI 254060 


X = .4037 
This leaves 1 - .1019 - .4037 = .4944 
as the fraction of PTI remaining in the redefined value added 
category. The new value added category contains only capital 


consumption allowances and payments to land and resources. 
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Summary of Modifications 


Figure 3 graphically shows the modifications to the I-0 con- 
ventions necessary to make government and households endogenous 
sectors. The outputs of government and labor services to the other 
90 sectors had to be estimated as shown in the figure due to the 
incomplete breakdown of value added available from BEA for the input- 
output accounts. The accounts are constantly being improved and 
better data in this area may be forthcoming. At any rate, improvements 
in coverage can be incorporated into future studies. This study can 
only point up areas where better data are needed and make do with 


existing data. 
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RESULTS 


90-Sector Energy Intensities without Government and Labor Feedbacks 
or Solar Energy Inputs 


Table 5 lists the energy intensities (in Btu fossil/$) for a 
90-sector economy which includes neither government and labor 
service feedbacks nor solar energy inputs. This is the previous 
approach of the Energy Research Group and is presented here for 
comparison (Herendeen and Bullard 1974). The results presented here 
differ from that study in one respect. Dollar flows were used 
throughout in the present study whereas, in the previous study, 
direct energy flows were used to measure the distribution of fossil 
fuels, hydro, and nuclear energy from the energy sectors to the re- 
maining sectors. 

The use of direct energy flows is preferable if the output from 
the energy sectors are physically homogenous (which is a fair 
approximation for the fossil fuel producing sectors). Including 
solar energy inputs to the economy requires, however, that we create 
energy sectors whose output is physically very nonhomogenous (such 
as agricultural products) and for which dollar flows are the best 
weighted aggregate available. In order to maintain consistancy, 
dollar flows were used throughout. 

As in the previous study, the "Primary" column represents the 


total fossil fuel Btu's (or total solar Btu's in subsequent results) 


but is not simply the sum of the individual energy sector contributions. 


This is necessary to avoid double counting, since refined is 
produced from crude, some electricity is produced from coal and 


crude, etc. In this study the total primary fossil fuel energy 
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intensity was calculated using the formula: 


O10 ee yectricity) 


“Primary ‘Coal’ “Crude and gas 
where the factor .61652 accounts for the fraction of electricity 
produced from hydro or nuclear sources (Herendeen and Bullard, 1974). 

The primary fossil fuel energy intensity column of Table 5 


exhibits the following statistics: 


Mean 183080 Btu fossil/$ 


Standard deviation 628170 Btu fossil/$ 
Coefficient of variation = 3.43 
The coefficient of variation is the standard deviation divided 


by the mean. It is a measure of dispersion useful for comparing 


two populations whose values are of different orders of magnitude. 
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90-Sector Energy Intensities without Government and Labor Feedbacks 
Including Solar Energy Inputs 
Table 6 lists the energy intensities (in Btu/$) for a 90- 
sector economy, which includes solar energy inputs but neglects 
labor and government services feedbacks. The solar energy is embodied 
in the outputs of the agriculture and forestry and fisheries sectors. 
The total primary solar energy intensity column for this model 


is calculated thus: 


= 2000 [e +3990 1052 


“primary coal ~ “crude and gas (“electricity)] 


* €agriculture ' “forestry and fisheries 
where the .61652 factor again accounts for the fraction of electricity 
produced from hydro and nuclear sources (Herendeen and Bullard, 1974), 
and the 2000 factor accounts for the Btu's of solar energy embodied in 
a Btu of fossil fuel energy (Odum et al., 1977). 

The primary solar energy intensity column of Table 6 exhibits 
the follwoing statistics: 

Mean = 1087.7 x 10° Btu solar/$ 


6 


Standard deviation = 5016.5 x 10° Btu solar/$ 


Coefficient of variation = 4.6] 
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92-Sector Energy Intensities with Government and Labor Feedbacks 
Excluding Solar Energy Inputs 


Table 7 lists the energy intensities (in Btu fossil/$) for 
a 92-sector economy, which includes government and labor feedbacks 
but neglects solar energy inputs. The total primary energy intensity 
(in Btu fossil/$) for this alternative is calculated as: 


‘ 61692 (€ 6) ectricity) 


“primary  ©coal ” “crude and gas 
where, as before, the .61652 factor accounts for the fraction of 
electricity produced from nuclear and hydro sources. 

The primary fossil fuel energy intensity column of Table 7 
exhibits the following statistics: 

Mean = 515610 Btu fossil/$ 
Standard deviation = 618910 Btu fossil/$ 


Coefficient of variation = 1.20 


va, 


’ _ an fers 
. a 7 


‘Ae 7 a 


az _ ive i : 
es pedbge4.- apts) Shs 2 he nrveV ua itd tw zs ats fanggni 
aa 
n ‘i 7 | Neil 
ot (2\fpego? wih al) cath ayetet nye so oaths 


‘edbudg? sedel bas fnenrrevor Sobul oni tide » rynionto 3S ae 
ry 


feia: ypyeae yranti@ ladiual ait: tivont yotene veloe ) Tae 


: $ ey 7 " _ 
zn totethsfex2t avitemetts 2idd vol (2\irazot we 


ted 
7 » 


: 
A A + < F 
(VFR See: teP BAG aby” [soo° Vignryg 


c wohklgen? aff Ya? Piryooor ton? SOG. ody ,s voted 26 y 
- 


sanuas uving! bos vastoun mont bagubong Yior : 

side! Yo wmw{a> yttewetot yes “aut (hae) ciantng sd 
: : 

ce 2haeisare aotwatto arts oate 

tein! wh Ciahté = waeeM 


bh trieaneigd 


i MeGhu = er ye?' 


* 


f . ei) 2el4av Yo Fnolahtteoye 


3] 


“synduy Abuauq uejpos Hburpn,_dxqZ 3Nq syxdeqpse4 soqe) 
pue JUaWUUIAOD UZLM SAaLzLSUuajUy ADuauzZ 40799S-726 


"ZL 9Lgel 


eh 


Pepe peegnstKz pag Evcpequue 20y9e EueLaA jTwDAre* 
AS-PSCfO. EwOLGA [UPeeeIEIGe mifp BCASLMosUE sug 


iepje ys 


32 


! 


! j i ! : ' ! ! ! 
FOOCOCOn AAAAARAMAARAAANAACONARAAAMADDADADAADD AAD AhTRARDRAAD NANNY 
PEK KKK KOOO OOOO Ce OOOCOCE Ke O¢ COGCDC OOS COC OOODNDSGOCOUCCOUOCOC §'OCOOD 
+++ oe oe Pict cd tie te at diliap hd) edad Chel hang. thnengadh ana dinde sede Anca dey haat an encnee a ++ 
he PI RImI 9 53 Ge fo Bed 0} O02 DOD ed sD ad gy DBD FOND EVD dd OO GD God OD Ges Od Gad A I HAI OD Ged DUE) BEIGE hd Be G {1 Ry 
FSPDODDANANMDK FRANK AMMO MS KONDONAN DN ODN SRFONAFNOENANOMAONRK OHOOR 
TOPE NOHRSNIONDNAPT IG FOANE DISK EONEOMIMINGESFINOTHOCAHADAFMIODIAILMENOE 
MOC AMUID — FAMDMC' HF OMMWNOE FIOM OAM DTFDANKL ONS FDNMOANM SEODNANHOWNMODM 
ODDOO DVN ODO NK FQOONHADAMNAY OH NUNHDADODDANNOANW HDB H FNDHORAWOOINOIMNHUIMO 
PIN em OTK HH NGM INK OM NW ANY NO Fr mew em CE IGN CNN SN AS FD ON Sees enn ee wee ee 
een it) Begtertontecaipieteesitcin es (| 1" 
DODOOD FH DODO DDH MDNADDODDNADHODNAMAANDODODODDODMODODDHDDDODODDDDO HOODEO 
COC DON FCOCCOCOCOC-OCOOOOOF KOON OCCOCCOOOCCOCOC CHOIDMC ODOC AHOCOOCODOOCOFD 
+H HHH HH HH HHH SHH HHH HEHEHE HEHEHE HH HEHE HHSE HSE HSH HSHHeHHSeHesHHeseseeHeHee Hee oe 
estes] oh cS] SU pa Coles Ecol coca ico itoncolaiconcpiee) on-> leo to el Wi coics Beal ba chiee ical oreo) OLDE Ol ores ]>l Si cpreo Loh Aicaloai cp si co peot conten tical co Eo Te]: oi r>| 
WDPFORM ANE SOWIE ODL DDNM DIM FYDIMN ODOANDANDAD IODINE ONDONKYV KE MOK 
WAOKDIAONE| FWSTDOME ADIPOSE HDDMO FEN DOK KVMEABDNENK— DENA TFOINAVASCMNK KR TFIND 
WD DEM FMF DDIIMNE NMOL AMIFNOONEMN ODA DNC OCTDE AFMOKN THN OMMOKHROND POH 
ANANE HONGO DMONI KFDKAN ONIN KND FT FODMDO DAUUNK NN DE DERAMAADRNMNLMAMNHOAS 
DEP EK NFO INLANNMNEOMNGS FDA MNANK ER PNONDNNAD DIMA FITFOAMMMNNANNS TS 
® eje © oe sie oe © elie oe & Bie © oe Ce ow ew oe © 8 oe © © Hie wo O18 6 © OF Be Fie Ce eo] Se ee & es Ble © & Ole 
SERRE OTRTARLEELEEADRDOODO OME DEEE SHY S50 Cree coarse al Bool Sat 
COCOCS HK GCOVGC CCE CODVCOCOCTCOODOCEOCODSDTOODOOE COdIOCOCCDCOOOCODOCE SH 
HHH HH HH Hehe He HHH He the eH eee HH HE HH HH EHH Sete Hee Heese ee ee ee dees +++ 
Ti Pl OL ich ico Lol cas a bome ees sconces emdro] cancel ‘aucoiss | a ool oheel wicoles |e) abv icslesy socs ics] coh 2 itpi el ee si tola kree-sicoicayeslts ico eet col: Siero] oT. 
ONE KEM N + 0.907 TIDY ONDE TROON ADDN DONKTNNEKE NA ATRANEPOMMNNCANDODKNOnn 
DNNOKDONANTK SNM EE DONENODEKEN FEAAOONNAMNAAR DO OK D ODNENMNEATOPNEEANAD 
HRNOCMNE RDM RE ANE KOK ONTNOMNMFHIMNANNSEH SF ONOSCBDNMNOTK FAFAONE™ ONNOz" 


DOFM™ ODMDADNV DONG FRK—DANDNE DANS HDAMNMNEK ANG INOD OMMAK DAMN OANWN OM OND IM 
AIH NK KNNIMAMD INV OWN ser De. DODDS SPANKIN & FAM cies Sins Balt se LM daa loa! arwS 


AMMO~sHPAPTNHONWMNO LHOwWsnNnwyn ry Fon afee ds Val’alval! ailallal— 7’ altallaltal allval'allal' altallaltall al’aveltal-avaltal’a) 
DON OANNOE FC C2VODVONONTE. COC PONCE QDOVEDV EC DOONTNMIDODOGOOAOCE DMAeOATDOCOO 
+ HSH Hee He HeHHoHee ee Hee eee HeHeesee Heese seeteeeeeese eee re seeeee Hee eeotee HL oot 
eo lcey wree leon ol co icei coun leebcwuce byes co ive | ap eel (ou cay cree] a sores pours ica lvencon sie | apichp oles re sree i fusca tre bien lel ellen crime lchi:*icenip i bieP Econ) aro peop o>): 
DIUDNNATKTK TOKE SNMANT DAIS DND0OD DNDDR DH HNMNWDMNMNES PFOPANMNIN AI ANMPMANDHD 
PANES DDE IN FORM SNE BE DE HO WANS NEN EKAUNAMMYMODNAHENANANWDINDNDS WIONo 
WFNODODAIANDIE MEK KNKANDNDOERL HDA OMNANK NANDSUMNN AWS DBNDOAEMEDAK-MOF 


| | 
sa2avbvotshstabassbrasseesrste esate sss Sasrps2re2ePrsasszs4qr232 7327273 
abies "au in eae hapehrgeg Marae saechralerg) Mgr Geran appear aie crane COOL? COMOOC HC COC ODOCd GGO 
+ eh oer ein ee + +~ ++ +7 + ooo + ++ +e roe eee yee GP otha elle oS ead |, aie a 2 +++ oor e 

$a) fa Oe ad rd bed fed Foe ra fe oe ad fd dg Qe I Ph GIA: Sirescal areoitei sae Siceg lon tial colcey paca icelesy sicslcalcol isatcaiee | 
DENIS OND VIHA ARII PRD INMN| FB AS DAP NAHE HNMNDID: So Daed ike: CanT Ol aekt Olan | Tan) 
NON FAM NAAT RNR NAINA ROSPN snnmwosDsenne-c Por aApnoanh OANPore 
FPN Te FUNK — DiHKNDORK Oo stIN AINANMMOID! ILI DLN DD ONMK NOANRK DP TOONMNO Talal ma 
Aramn DDENK RINNE ADHDDK KH MNDD INT SFO OE FROUNDMRONANIAMONN nae Maw: 
DAMMAM NENT O MSO NNSA NSO TM MAMAN SOIONNMAWNS NN SY OO ea as: AANMNHAN ANN 


| \ 
© e/@ © © o19 © © ele © © 6) 9 © sie © © ole 0 & 91% © © ole 0 0 Ole © © ole © & oO] © © M19 © ow oo Oo ole OO ols 


DN PREWSMWINNWDANNN NHDAN HNDIM NNNNMWN OMUIDN SD PAY DNDOAN NANNNMMIRANW 
COE OC DPC COPCCIPCOOP DOGO UM OAPDD2RVOLIE DOG F.0039 ceceeees 
SHH e Het H Heese Hee HHH Heh eee hee e hee ee eee ete Hehe ee He eer hee epee 
bi MS aed YD ei aee costo] SMe peasry pecore> teem See mn hom Rical cess PP les i caies b Sacriey bcs] Hig. gd One bg eos A 
CSD AGB ION F FWNGNS AURA IDNHDMN ANKROOCHAR™ NAD IPINAN IEA P ONC Wc? HNNDOe: 
omens MIDNA~ DE HEA FAD DIR DD FMD DERI NDE MANDY ANEREADRDSCI AH OMS 
OD FI DNDN FHIIDAMNN NID DFP Fem NK K Ke Ne™ F ONDE prsaeP I HDPNNATN ON! 
DAPNANDN DPHAK NIAAA EIND DP DTK ENMNK POF PMIOR NNN F Ne= TDN aN No 
FO WNANM MK KE NE ANGET NE NANCE CN CPE CNNGE Th PTMINENC SE ENC HK NC eK CP ere rc 
ee ele @ © 01% @©@ © e108 © © oe} © © 8/6 © & ojo © © O1/* @ © @/e © © O)e © eg oie © © 61 © wP eo]19 © @ 18 & © ole © @ ele 


DAMAAMOAI A MAND AD ANAA OMA SF DPiVMAD NAD VWNIDD APA ADM APAAN 
TD O99 09D JIMMIC WMP AMDT OM CSV ADE Cw DO PANDO dO UP VO Vd esr OOo 
err err eevee i ind i ie a a +++ oe Se tA: ding +++ ++ 
rca) cameo ye (SEES RT ONVET Dirs FeRa tal NEc oi ekne! Vreg leer E> 70-223 Mehl CORA “RaCh Tea Nee aD Con ome © Real Caroma Guta Leal oo 
ISFTAAVN QD KAN = VMN 416s De DANN GS ~~ fa} oa™ 
NDNRMKH DAC Sb ter NE DEDNEMNM ENON 
»~ANe: SOD Ms M™.oN v) a as Ta on mom Tove N aS a 
DORON IT FHP OMe HMR KR hereto 

DANNNAAN F PUIMANANNAEMNE RPS NMN DN 
2 @©@ @ @ie © © ele e@ es ee © © &O}e © © ole » © ole © &©@ Oe © © © 1e @ Oo @ 


Mme EDN OMAN AN 
ise CMO Carts 
+t he oer ree or 
Belinea gr TES tha (ts 0a 
Lomein |! © lit Coal Gens Tag Wrote) 
Dat K TaIwNND 


PCr PAO Ss FINN ANAMWM Ns NANAAIHAADANNHANNANAADANSC AD 
we 


~ FOIE DOO ME OVC NCIC COC td © OME CGI COSMUA OD?” OAEUuwe cd 
ore oreheeoeerine se + ++ oe hoes ++ ee oes Pe oe oe a oe +++ 
eelioy SuPer ren ran Vncurcolren (ereeresiton evi onc! Sa ceresT Car Pn Sl eastirl RE oiceree | Si cnl cleat Tiait* 1 on ol epasereun si co trones| 


a eee * "G09>90.C€.C Od, 
+++ +++ +++ 
22 1 FQ) et 
MAN IMOCMDNE DAD FDR Ne MN OF DNR ODE NOI DOM Poa WDD mn 

, edges ib + “tial HAE eK 25 | RKRNENNASCENIONN 22 CELOeNnNC Nd OND VM) Cm QOD D 2 pflo-> Wee Hh 

= NDMOKN DANHDANEENAMNPO AAD EROONDRNIAD DEK PNNOE OPN LD I OUNe: 

HH PDRIWNON MOM ORNS TATE NEN ENON FON SOO FINS NEE ANDER FOADNTORKDN 
woe ipa ah DINAN RFK K CNN RE KK NPN TK NINE M ESA EN ES TIM Hg 

eo @le we @:®& © @ e188 © @ eee e!i® @ © @|® «© © e/@ © @ @ Ie 


eo) HID ba = bore] = a fo¥) SUuaMnee yo pO UH 
90 sew SD tHe <« 425 au ao Hutct>a> a alg pine oe Aa 
= BHO NF Ha D<tSGH-AR SIA ox BER gh eles Woe eset Tp Mat MG 
ati me et Sat 5-4 AC, Ts pes wo] YY m& Dpcnet. a a a =H AP 
AL | jin ie ay SA Oy SS eee eel ye & Gio.q sep erm 9hn 9 A<P 
4uhe 4449! D aufGwWw “MHO MMO sUuN atu xrd Se wees 2A DTOaws 
a | GiwneltH~ c2Ofe =D “1h OR in-~ Denar? rege is| a2) S HUNT CBs qAyVvodnaR 

MOHD MNO FIM : ra eG hind h mie he dase x46 F433 H Hw 
HAQmRU Olu ezh42h HermO-thpwer ADAP WASEN AA EAH YHSA erect ee! =n U = ils-U09 
gH: ‘ Sm OF 961 HAOMAMAAPS "or Aa Sat ft oe Dad Od DH eto) Be YY Podiad 
QustlACgwbeo x een te QI UME PO? Dill GAG le NDWOME EAT ee ee DUI ee tle 
OU oe To ae ee Shite UU Boh Tee wast Sethian VyhIa 


ae 


. “2 6+64 rE stant 
te rth valasoe Maracan dic aes ve 
~~ OD BG ier eas PO e-RS Seer wu @ 
is ere Sen ph eer seme ae wg) 
P ape” > Ley verse Pe Ow) Perey Hy aes . . i ey 
Py or ieee © Ae tere gre bia em! Ps orn 2 /OfuE > poten peer. 
bad e+ yur 
: ae FTE oon ge ree Det owt ea 
SO ee ere ere eee irae eres rt 


| } 


Le PWS Ser soos Te we Oe Ores OO 40 COG 

968D-  E R SO D e R On 9 O-  Reee 7 
eeaeeeo7 04868466 oS * O84 ROSS 6 26465 5 28 OOS 7e+ree¢e8¢ ee 
watibs Orin ce cabs ahd 104s eedened sa tanman nas ctmee aliealen! badkanenale aanean nanan 


nitro eA ee ayaa ee T Pee Op EA Ore Ea MAic' = 6 SE <= 
he ht ADS rh Ree CTR RK ar aera = 4344: >* © 04 84a F Ot r"8. © ~ 
ip hy 225 D Ry eons" 4 Oye OY Qe rew 26 Ow = Ae OF 2 > *6°9OGe ert Aer, 
¢ 


‘ Stary 4 : S p=0Gs th ets ~~, 62S & > Oa00 =p t eh 1 oe BE 
“ ihe ar ; enre¢@ Eri PES ty nt Eo tw + tt =e ears 
See egret G&S bees jhe b'tgt & Oe eo eae sO pe Eb Ale boas OF Oe ee 
; i } } j . 


’ 
ee ee ee ee ee ee al Te) em PS DOO oh ty ; 
ew oO ooh WOR 939 IG >a 94 
P shee ee eee ee eee eee eee Pee ee se ee eS 
ee ere ir A ° cn om CC. bs (914 liege ha thaw bhi Oe 6 @l. mee 1 ot Lda LA tae eee 
yet _©€.+a h< PO OM Sy OE TE TY ee, 9 SPV Peril oe 6 eS ae 6 & Oe 
“ . ee le en) ee ee ee ee ee ety Oa G AP er "ye Oe 


*, ‘ 3 f a ee “eo, eis @e ™M gy F.C Gm) Cowes 
»- ‘ a. © eon . — Sees eee Se eee QT He a eT Owe see 
y ft ene 9 — SG ¢ tt & pe & = | A em fy er S SMe w= rary . 
t+ @ >< heen et oe) © om Saray see ere geet t tw oe ae @ tle te eee 
q i 
' t : i - 
i 


a Mute A rere vt ewe rencuvevrue. TUNA ee re UP erery Srey 
@«* rorvrne >» os we > Fem a, 81 i Ce = Die Tue <a pete PON See 3OL TS 
‘ ee es +t awed eee eee tat ee ee eae eeecaet ad © O46 bE 
mw? 4» bo) 4) Caeser cdg oh bool VES at be biG bee ded Pine het & tam oe 1S 
: nal dak Bint hah ek Soteie Leathe tot 1 Oe Corfe (Der OTL tia 
‘ , 4 tt es cm my eT beled ln ‘eV GLT “14. DS £6. eS 90 et 
no ‘ ce ; 2 rh heme 9 ome Or een Ae 1 os Sa 
b ae : Saw A Ree Bee CS ORK 2 TG UF Cr hele S 
i oes < ’ « LOS OF ey ey eh OO et een A eh yuo ree 


jt« 1 we , 5 * : iowa e ‘ OME eae een ewes ee ee ae ee 


i ; 


eee eeneecced: ‘ VRESMDLtE CHM e cde et tet edecendecoesgece 
4 P i> SOC ire , > A ok ’ id ee I ae oe we ee es 3.IO a 
a + »- + e . « o@@¢ 6 (4 e@4 « See» 42 ee Pee wo 6 Be a 
f ¥ ‘ ei le i@ry ape ‘oad, gh eas dal §-. pare bes bas tod cath 009 t AA® 
fr a rt . err Pho (‘pt ne comes an cor-grn 4 ee © 
Pe Ghd wage ‘ —e wi te Vole ee eretence Le ou 2t ory 
wan y » ths = Ane Me Re ie & ~e& OV oie ae 
7756 ‘ ire ‘ no me Hig mene Sayan See Ae my a, 
fad ral ¢ ° = m9 v PPh ee eS he hore oh a rey he 
e004 6s BN ot Ge i © © Sie « we ie © bee she Oe aie aa Oto ol ee Be ee 
| ] 
; ! ' i 7 
i 
frre vrorul : r tf + 404i tC Ante Ors nA ena aA (vert em a° 
¢ * + Fe | - é = *, ad J DO Pe oc Se Oe. 7 
s *¢ ¢ ‘ «a --« « ~# @@@e6¢2@@e4 @€@444644248060 4429 © **e@ee5ee 
: ' $4 ts Erar e b- Fhe tAPettset 62.4 Bato 4160 ty Adie he eee 
? a ed ee F a ‘ic wai —e Fr ri BS set rE AeA wre ec ee 
4 rh mee = oa rer »/ OMe Oe mh =O Pee & V- Vs Se ee ede | 
Ps =) inet & wre , - gy, AG Kee e ET & hice? apt er io 4 
q ou oy at c= A _s ff -m ~ & ss ei hal ~~ ESOA MPS = =e 
+ ~~? tn ay te SHE et ae 5S on helt ‘ by eR gt +0 ere) 2 eer ee ev eho = 
ae 4 . « 2 ~ele ¢+ @ ie e @ 8 ete +s *lih *- ess 
: j } ' 
: } 
: 
< c¢ (ware - Che ELC HF Aw FP Be Ph Hy 6 ‘ Aa. rw Aw Ag ry i 7 
pers . J - tl « 4° ie, oe 
‘** »* ‘ a * *t+ e+ 4enne teen ee »@eeee4 **+e 
he t tei i ne + é ‘ “7 «° er) > 
>< ri 7! “ts cee “A aa aie | 146 tera rp nevew 
q c -- Te oc nF or ee er Oe be UE tT =» os 
atid j ad 7 “1 : » -——_ ~s Sy e.-we@ _ eon be 
t ) ~ ~-2 ¢ oo a 2 . ¢ e ’ ~— a & a =*- Ce 
* “fr ry, ‘hs own . aa “es ie Ree Dp pire ~~ 4 
ae ¢ ¢ * © & « o Le bd * « + « . * the @# > “9 * i a 
| 4 : 
} 
es Sera (L454 es eet +% hee. Oy AM yey f,< wd ty 2 2 ee 
P- Pe POD * DOE ee ty . 2 WP Sabi RPS ay ob hs Oe 
. ik 904 ean wk aveaddarad CaeLaeue * *sA¢ - 
- tu, (om ‘ Doe hw) eee Ore cab le Bees ag eT) 180 et ew Ser atte Mag 4° Ot ime Qty, 4a oorme 
OE Cet thm OC L OE NCES i we heer arene Ae in « a on ee eee ") 
Met S om 8. F GSGrAtTcage *¢ era eterno te JOP RM Fa, ees OES it eo 


Stee etn bo ye ee Meee e784 amen be en tsanerenes ieee Or YL open S or a 
ee at Peet OT Chee Ame 9ptbQ etrt 0 Aner =e Se AGM t per 


iad Ve +e p> Uren Ete Qa Ther Sr ence 
ee ee ee oe oye Mees bet i is «8 ote 4 6D so tee eee 
} @ 


+ heagese ape SC ed ed 
3 Oe Weel eA 

ern Co er 'hOwet et gies Ser 6.8 
nH MM OhIC at hE Sh eslrerret mG) 


ep “Ae perey + otrte ep ae mht 

D pq bertl C4 doe p Segin appre ot ee sb tea Re Swear 
Pha oP ie (thee. OS et ee aoa 
att 1 @ ole aot he oe TI or 


a 


—— 


ie 


<F 


| ! ' ! 
ARO RARAARARADDDADODAD HADONAN 
SOOOSCHTCOOOCVCOCOOCOCCOCCOCOCTOCUCTCO 
SHH SHH SHH HHH Hee Heeeseeseete+eee se 
TST ST SST STA or ol -ps oleeloeon el stots) Ti sicon-oi ti-oieaicey St-s1 5) 
DONFINNOMDTHNDONE NWN OP RK NKMARK NEMO 
PENNE ANGEDKH KK DONT OCHMENAME KKK DHOOM 
HKNOMKKK TNM VC MR ONNMAUNANSE DNOCeEMHaATt 
POTOOMC HINETVDOMMNOM se oVMeOroKeMNMWVYSO 
err ener Ter Renee eee 
eer ee @ @e @i9 © @ e!e © eo #189 © © oie e © C10 © & 6 


| eee ’ 
i 
| 


PO DONC VDOMOCCOODOCUDGUMOONVEE! Oc.oce 
SHH SoHo eseeseetee eee tee eee eet ee tees 
Yay ED Fe Ge CoD Dy CS ad Fe) Ge) Gd Fy Ae yey 
FOMDNOKMNDHDD FHKNNMOK 2ODARELNIAMNDAO 
PFOMWWMOK MH OCHMOMNCCOEENMDK— DDN eK zAMNM 
OMS PHNDOND FOMDMMNAMAANMNADE For: DNMNMD 
PFASDODNOMNN KOK zrMr DOKNNOMEMNEOCCOUNRD 
MAMAN AM EAD KH MIMEKDENMNANGE NINE NND MM 
ees eee tele ee tig eo pe oe ole ee ie oe viv eee 


bi cpiens COheapesisoy oi colca neo | cakeo ish icod @ heoss si cand>|<2it> hati rapes] colca i ageoe® | 
AQEPADNOKNODALRPDADMANABINANOP DMM EFNsSTO 
ANDDEAMFONRNOMNMNEDEN DDEKR ITF OANCNN 
-OnNn DANNMNIMNG tDFDHDEANNINNSHDACS 
WHOANE DIE CUARERAMNOE™ DNNNAETN DONDOAN 
BMF PNAMEMNK VN PHAMANC KN eNODONADN DRE 
eee ole eerie ce ele to Cio eo boo oo He oe ieee 


Vela l¥ebqd'alal' all oid aa oi dlal. 2- a deal 2. 2-dlel- 2. dial. stall ta) 
DOOOQOTVOBOHOOCE HOCODE TOE COOMIC O 
Se eee eeeeeeteeeeeeeeo hee eee ere e ee 
[eas Tees eles i copes | sicapeugess Wls>icalisy 8) ceiceucoy) elsenea ico (shes) coneat-© tes fer) 
OP DQDDODKAN DANDK RANK NIE TRNOMIONNIN 
MOK DRDIONTOMONNDDNVEMHO™ POIDMNRO 
OPOoN ANHVOFP FHERK—DNSGK MP GODNADATF NOD 
AWW ODOKONME FT DEIN TPOUR RP CeCe MeO FTORNGT 
PRK Oe rm em OM Fer MK FNM DEA - CDSCC ONer 
wee tle etieceaeer tine tete tein ee vee ole 


| 
[a id PER OP PERE EPO ERODE PF ORRE De 
DOOD OOCCGDOCCCOTCOCOONWOCCDACCOoCO 
SPH HHHS He HH HH HH Hohe Hee HeHE He HHH He HH HH 
ele 


sa2zazfsotas Fae ses Ps eNs ates s2sa Psa 
Foe a ergp as: SOCELOCOLCOOGUCOULCUIECO 
++ a ph, At ethyl den hace pt ad acai gll line davai hgh 

[ayes] o] 2hcaleoirey' 2 peo) © hoot mai ore t4 baci xc bo.c) a caer pae Tear) 
MMIDNAD DNV HK FMD AN NNT Ie ONE DWH D 
TRNN ID STANNDNIENE HN] FEDONHNODN pcn 


DDK KAE VOTO OMAK TD MNOIIDNON Sr HeuNm™ nANN 
AMNONINNANVDIDANNA F.0D KSC SNONTNNON 
AMAMNNANNNA TANT HKD EN ONN DIRK LINDE HIM 
SR Tite ee ee i ae ee ee eit ef oe 


DANMNDANMOMANM PNW Ss FFTOMN PUN PNANNWAWN 
DOOS4DODNVPOVOLPVOGHDIUIOACODapPpCOOhPas 
o-oo oor Seat es Ce Preece SSS: ++ 
G1G3 Abs oIO NII abi ih, ad ee 
MK OEONAR DINE ANAC PRADA Fem uM TNDST 
Mr Open yr PAEVAISNENANA ONTPIeEN DP MNeK— Veo 
NAAN SN] NPOANDNR OSODTRANE DOnDemm™ 
TAKHNANE NPE ME PDA E|EMNAAAe VAP Ons wW 
FP K EK KK OCMNMNPONG POF HK prenNeNeCN TI 
Txchehs Dees Det heme Foe hee Leteur es bol fe teksts gy 


DAWUVAD ANNO oO zt MAN MADAMA AD AHN 


SGIDIOPVMOIPYM  GPNOMOOdyGese MO DEW. IC1Iq> Cw 
a on -~+ + -~++ +-+ + -~++ -~o + . i i i a 
Vpng ey Ve Gace deed ba Cd rH idg l tgs Vibe phd ee ie dio lejos 
ey 2 Ne NE Pa at e— ONO. Shane Aap VUDAMN AM TO 
DIME 0 ORN=DNOKNDAND a oS ie a dl —“uH 
DAOP FN DEP AMM Prise nN ber std SDA GIIWN 


DNDN HAADWDUA ACCA DVNM SP Sen4 AD IN DDE 
PAINE UR NNYO FERRO K MRR aN ANGTNTSRKNTOIN 
Pg hs Und Lede? Te te ietiet lh i Aer ae ed toe ad War 


DOAAPAAAN & 
IOC 'Og 'Coerorbe 
~++ -~++ +> 
JOE bt bipykigita 
Bs 


Sta psns rsOoOapNs Ns naw 
GC IEAQMO MOG Dew Od Cry 
+ ++ + ~++ ++ ~++ >~+ 
bates) POV a eel AGeD edie pre P(e tebe 
DNTROC pm Ad of pel coal oOncto DIDHROUN TOD 
axnruownecm™ VW x ITOANe rene Doro 
TONHN™D PFTNDPSCHrMDoe™ DpromMrs DOW TF OO 
ADK MMCO CM Ry TOCAMOONEAE RNCH 
ere Nee VIEANIONOASIR Oe ICM He 
Ct) COTS irae Pais tara carers PEC 


— 
C6 
> 
td 
wy 
2 oltek & 


of Oo a Umma p< 3 Os qe <4 
| FIFA DENOH > HUSH IANnenrs nz 4 XS Ma 

On atom Ps SARS 5M URHONMN CEA EIA HQ Fl 
tHe] Bea al FOUN geo aes aelY DP =: 
Tce saad nae Me ee ae PD et he | Fs ands dank ol a4-N.- 
O4>R, 900 A KR CHbihtH a 14H WAFS D YW = 
U4 AN 4462S & SDilah IE eS ints 
He4epnN YD) ig-V SK 120) oshas Ae fu SRO: 
VYUVOURYHPAtTOFH Memmi db Ss Hid 
MOH ht OS) HUE SEH DEEL HNADAA | sNh > 
HIDH SE 4UHEOD RH 5D 1 et CHI OD Deal Dao 


—Hot SEAS ye hs Ea a ae al eer cee | eee 


RPGS 96 4S ld 2S Pe oe Es Te Es cme Mersey asset ao" 


) PO we Oe OO ae ee ae 


hiry Nt 49 is 
a vveracreesse 
| 


i ware 
: a*e 
3 
Jah 
' a 
\ Ate S 
\ cS 


” 

: *e«6 
aie sé 
= 
pp me 

‘ “? i 

' a ' al 
S-© *% + 
Viel t 

- eo efie 
é 
’ * ~ 

{ shes e 
bn an - 
< ! 
" ~ 
ty ** &.* 
nd 
tee 
¢ 
a. 
‘ buns 
ad . 
+ ys 

- i Ove. 

- *-« 

Lop? & 

‘ * =< = 


igh! Wes Carrey dP TLR 
a oe pte hey & oo +, re 


° 
sie ® ia @®*seee@ oe ee eee ee 


« ’ 
ee OT hg: Oo Ot ae eh Ea NOTA 
Pe a te Pe AO ee Oa em m 
oe eo > oie = 4 oie be e@ ee « 
i / : 
| 
twee ear ber _rw ene 
; >.) ~~. Se? iy COS i S 
*4e48 404886 © a ©4 ee es @ 2e¢ . -& ' 
“ iq 446 cr tes ace Oh ibd ~ eT 7 ’ 
> ey mn ° ve rm Pe @ = wero i} tT 
o @ ~_ = wea 8% 7 b) Cee THE ey 7 > 
- oe le eS where eon R 
® “to. s, Seren FO 8 “rite “a 
i -~ ha ~~ Gen i= © 8G — “6-9 4 owe, > : 
« & s¢ ‘ * * Oly ‘on @4 &.6),8@ & 8 @ 
| . 
. “t= en s* %@ « *< 73 © 
= ot my eI = phy. Po On> 
@ ‘e+e © o ¢ @ eo -e¢ ® se 
oe NY ae 6 | ‘ee te he Agee) : _ 
i ae : — e« erm 14 
° = « i= e 3A tw 
1 f 4 24% es 
a + ozs - ( COVER PAC ors 
G here 


a 


Sie Sal an Ne Bote ee eaten yes 


eotctaapeeieeas | 


ae eee a! 
hg. Kinet 


+ 
a+ ¢a)2 @ 2 @le es O10 © FS 


Ly 


i COSA 8) 


Am AS he] 
my, Oh) A ge 
rs Pt WEI PS Oe Se ad 

ee eo re ae mre 


th th OS A mh HG AP EOP at At Nee tees abet 
ri? ere Sor Or oOo 7ew 


ry *e © £2e@ta44F °s © 6 2.4.6 
° $4 oh 155 ey V6! eB OS 


fav aa 


ee tee ee ee 


as = 
‘ 
* 42 ~- 
* 
; é 7 - > 
a 
o) #.. P 
6(,8 = 
oO > 
. 
: ll 
. 
. . 
— 
. 
«¢ 
—* 
- 
.2 
al 
he 
a 
- 


iets oe dish 
14 . ry aor 
° e ‘+e 7 @@ 4 
i ts ” wi § e ab (te 2.84 ph 7 
® ial a ee. © 4 gat. meet , as LS 
= aya _—_ ’ en, ~ pie | a@ 4 oe 7 
> i f-—-¢ 7 .>f a? Apt e* ops ~@ 
sd — et, - -¢ =~ a) ¢ of 4! -2 (9 - 
-_< ey |< —> a oa Sry n©. *@ <= —~ eo ~~; 
4 ewe 4@ @ b «' Ala ny 
. 
Aer nh «Se  mwey oipyiee’, 
oY. /= “a ~@ * Pe Of. oe 
ae eae 2 *s %ea 6 
is sas * Wet irae sce 4! 
bo) —ebive Ff ae : 
‘ Art worms Hrs ah has Lak et 


tei Mon £ CS 7-14 Ab BAe ces 

- -—« me .f For. & ee © ed Be) 

amy ove ow maps y Akay rth) ated 

sé? el “fy = 8 © eee O16 & © @ 
A ‘.* 7 q 

4 


) 
“Aw fer x a 
, a ee oe bg ky Sn 
e+ a2@e@469°8 
eh ee 
4 


iret eh ® 
a a ae = 
eeedevade 


‘al he ended 4! God 


“Ve 94.27 a€é? —i = >< 6 =% 

<5 5 Sans ager eo ee ae arenes 
2 Olas 6 A eees <1 FT? oe Oe EC 

ut hea 


34 


92-Sector Energy Intensities with Government and Labor Feedbacks 
and Solar Energy Inputs 

Table 8 lists the energy intensities (in Btu/$) in 1967 for 
a 92-sector economy, which includes government and labor services 
feedbacks and solar energy inputs. The total primary solar energy 
intensity (in Btu solar/$) for this alternative is calculated as: 


= 2000 Gee + + .61652 « 


“primary “crude and gas electricity | 


, “agriculture Z “forestry and fisheries “households 
where the .61652 factor accounts for the fraction of Bechet) 
produced from nuclear and hydro sources (Herendeen and Bullard, 1974) 
and the 2000 factor converts from fossil fuel to embodied solar 
energy (Qdum et al., 1977). 

The primary solar energy intensity column of Table 8 exhibits 
the following statistics: 


2435.3 x 10° Btu solar/$ 


Mean 
Pre ndarinday tacinnia 49366 6466 [OciBtucsolar’$ 


Coefficient of variation = 2.0 
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DISCUSSION AND CONCLUSIONS 


Understanding the relationship between the energy inputs to 
an economy and the dollar value of its outputs is becoming more 
important as our energy sources become depleted. The input-output 
technique is useful in assessing the total direct and indirect 
energy necessary to produce goods and services in an economy. This 
paper contains results of modifications to the input-output method 
for obtaining energy intensities (Herendeen and Bullard, 1974). The 
modifications are aimed at achieving consistency with the boundary 
definitions of the economy. The results indicate that inclusion of 
labor and government services feedbacks significantly reduce the 
variation in energy intensities and increase their average magnitude, 
while inclusion of solar energy inputs increased both the variation 
and magnitudes. Comparison of the two alternatives without solar 
energy inputs (Tables 5 and 7) show a reduction in the coefficient 
of variation from 3.4 to 1.2 with the inclusion of labor and govern- 
ment services feedback, and a corresponding increase from 1.86 x 10° 
to 5.16 x 10° Btu fossil/$ in the mean energy intensity. Similarly, 
the two alternatives with solar energy (Tables 6 and 8) show a re- 
duction in the coefficient of variation from 4.6 to 2.0 with the 
inclusion of labor and government services feedbacks, and a corresponding 
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increase from 1.09 x 10° to 2.44 x 10° Btu solar/$ in the mean energy 


intensity. Comparison of the two alternatives without labor and 
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government services feedbacks (Tables 5 and 6) show an increase in 
the coefficient of variation from 3.4 to 4.6 with the inclusion of 
Solar energy inputs and a corresponding increase from .37 to 10? 

to i209 x 10° Btu solar/$ in the mean energy intensity.* Similarly, 
the two alternatives with labor and government services feedbacks 
(Tables 7 and 8) show an increase in the coefficient of variation 
from 1.2 to 2.0 with the inclusion of solar energy inputs and a 


9 to 2.44 x 10° 


corresponding increase from 1.03 x 10 Btu solar/$ 
in the mean energy intensity .* 

As noted earlier, the distribution of solar energy inputs to 
the economic sectors is imperfectly known and only a crude approx- 
imation was used in this study. Since the total magnitude of 
solar energy absorbed by the U.S. in 1967 if fairly well known, 
the inclusion of solar energy in the manner adopted in this study 
may distort the distribution of embodied solar energy due to imperfect 
knowledge of the input distribution. For example, the total primary 
energy intensity of forestry and fisheries products (sector 7) is 
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an extreme outlier at 47.7 x 10° Btu solar/$ compared to a mean of 


AL alae 


Btu solar/$ in Table 8. This is probably due to an 
overestimate of the solar energy input to this sector relative to 
other sectors. 

The statistics on the total primary energy intensities are 
somewhat misleading. Figure 4 is a frequency plot of the total 
primary energy intensities given in Table 8. The mean was calculated 


Pea re apie ec) ar /kenith aestandard@deviationsof 4.94 °x/ 10° 


*In solar equivalents using the conversion factor: 2000 Btu solar/ 
Btu fossil (Odum et al., 1977). 
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Figure 4. Frequency Plots of Total Primary Energy Intensities 
Including Labor and Government Services Feedbacks and 
Solar Energy Inputs (Table 8). 
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Btu solar/$. The frequency plot shows that the numbers are much 
more clustered than these statistics would indicate. This could be 
due to a nonnormal population distribution. If the population were 
normal, the mean plus one standard deviation on both sides should 
include about 68% of the observations. Figure 4 shows that the mean 
plus one standard deviation includes 98% of the sample points. If 
the outliers are eliminated by including only nonenergy sectors in 
the statistics then the mean for the total primary energy intensities 
in Table 8 drops to 1.7 x ita Btu solar/$ with a standard deviation 
of 0.70 x 10” Btu/$ and a coefficient variation of 0.41. Table 9 
Summarizes the statistics on the total primary energy intensity 
vectors for the four alternatives both including and excluding the 
energv-seciors: 

It was stressed earlier that many conceptual and empirical 
refinements to the technique remain to be made. There are problems 
with capital flows, incomplete coverage, joint products, and transfers, 
and there is the need for much better data on the distribution of 
renewable energy inputs. At this point, however, some speculation 
on the admittedly imperfect present results may be tolerated. 

In general, the results indicate a large reduction in the 
variation, from sector to sector, of the energy intensities with 
the inclusion of labor and government services feedbacks. There 
is a question as to whether this phenomena is a result of some under- 
lying economic forces or is merely an artifact of the computational 
techniques as the economy is made more "closed." While the second 
possibility cannot be completely ruled out at present, we notice 


that in the example economy described earlier there was no tendency 
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Table 9. 


Total Primary Energy Intensity Statistics. 
Including Energy Sectors Excluding Energy Sectors 


X S Geve x S Gey 


Alternative | 
Excluding solar 
inputs and labor 


and government 5 5 
(Btu fossil/$) 1.83x10 


“ 4 


6e20xd 0re9.43 6, H8xlOeeihs20xl0 0.78 


Alternative 2 
Including solar 
inputs but ex- 
cluding labor and 


government 
(Btu solar/$) 1.09x10 


WO 
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5.02x102 4.61 3.55x10° 8 


LO.09x10> 2.81 


Alternative 3 
Including labor 
and government 
but excluding 


Solar inputs 5 5 
(Btu fossil/$) 5.16x10° 6.19x10° 1.20 4.05x10 


> 9.91x10” 0.22 


Alternative 4 
Including solar 
inputs and labor 


and government 9 
(Btu solar/$) 2.44x10 


t 


2.00 1.7x10 Bees ca 1 
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for the energy intensity values to converge when the household sector 
was made endogenous. Since the numerical values for the example 

were chosen arbitrarily, some underlying economic force which was not 
present in the example might be implicated as the cause for the con- 
vergence of the energy intensity values in the real economy. 

One hypothesis is that the crosssectional energy intensities 
measured in direct plus indirect total Btu/$ should be constant at a 
point in time and that departures from the true value can be attributed 
to imperfections in the data or in the technique. A constant total 
embodied energy to dollar ratio would imply an embodied energy theory 
of economic value. Some additional explanation may serve to demonstrate 
the reasonableness of this proposition. Two assumptions are required. 
First, that all things may be considered as forms of energy or embodied 
energy. This is the basis of the I-0 technique for energy analysis 
and the present calculations. Second, that energy is the ultimate 
scarce resource. Since all things are considered to be energy or 
embodied energy, the second assumption follows from the first. There 
is no possibility of substitution of "something else" for embodied 
energy since everything can be quantified according to its embodied 
energy content. The second law of thermodynamics provides the basic 
Support for the use of energy as the ultimate scarce resource. It 
tells us that systems isolated from a source of energy cannot maintain 
their internal order against entropic deterioration. 

Once energy is accepted as the ultimate scarce resource, energy 
cost must be accepted as the ultimate cost. An economic system 
concerned with the allocation of scarce resources must equate energy 


cost (or embodied energy) with dollar cost in order to maximize 
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productivity. This is what the present results may be indicating. 
The dollar value of commodities may be an indirect measure, via the 
market and price mechanism, of the total energy embodied in the 
commodities. Another way of stating this is that a crosssectionally 
constant energy intensity vector might be an indication of an economy 
which is maximizing its productivity by using the market and price 
system to equate total embodied energy with dollars. Of course neither 
Our analysis nor the price mechanism itself are perfect, and a perfectly 
constant energy intensity vector would not be expected. The most 
glaring outliers in the present results can be explained as the 
result of gross data inaccuracies or external price controls. For 
example, the forestry and fisheries sector and the associated wood 
products sector are probably high due to an overestimate of the 

solar energy input to forestry and fisheries. The crude petroleum 
and natural gas sectors and coal mining are known to be subject to 
price controls holding the value of their output below the market 
price level. This leads to fewer dollars being associated with the 
Same embodied energy and a larger value of the Btu/$ ratio for these 
sectors. Future studies may incorporate more accurate data, correct 
any conceptual errors in the present analysis, compensate for imper- 
fections in the price system, and perform sensitivity analysis to 


determine the validity of the results and speculations presented here. 
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